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ABSTRACT
Dibutyl Amine Detection, Quantification, and Removal with
Iron(II)tetrasulfophthalocyanine

by
Kyle Bittner
Pesticide testing is of practical interest in various areas of today’s world due to their prevalence
and toxicity. These areas include agriculture, environmental, chemical plants, and many others.
Herbicides, like Roundup, contain secondary amines such as glyphosate. The ability to detect
secondary amines could offer a method for glyphosate detection in agricultural and
environmental samples. Secondary amines can interact with metal complexes through electron
charge transfer. Such interactions can cause a change in the metal’s electron configuration and
energy state and can be seen in the UV-Vis spectrum. Metal phthalocyanines (MPc’s) and other
organometallic complexes have been of interest for these reasons and may be applicable to
glyphosate detection without extensive laboratory tests. UV-Vis absorption can further provide
quantitative measurements. An evaluation of Iron(II)tetrasulfophthalocyanine’s ability to aid in
remediation via adsorption supports was also examined.
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CHAPTER 1. INTRODUCTION

Background
Pesticides have become a common part of life around the world and are present in nine
out of ten households in the United States.1 Pesticides are available and widely used in different
forms for different purposes. Some are developed to target and kill plants (herbicides), some for
killing insects and rodents (insecticides and rodenticides), and some for fungi (fungicides).
These and many other chemicals that kill unwanted plants and animals fall under the broader
category of pesticides. As populations and agricultural demands increase, more and more
pesticides are introduced into the environment.2 In an attempt to reduce this growing pesticide
use, crops are being genetically engineered to resist pesticides.3 Genetic engineering however,
has led to the spread of pesticide resistant weeds.4 The 2012 estimate from a 2016
Environmental Protection Agency (EPA) release reported over 50 billion equivalent in US
dollars spent worldwide.5 Figure 1 shows the total pounds of pesticide usage totaling almost one
billion in the US alone and nearly six billion around the world. Figure 2 shows that home and
garden applications of insecticides account for approximately half the total usage. Although the
acute and chronic effects of different active ingredients and formulations are still being studied
and determined, several have been presumed carcinogenic.6 Past studies have also shown a link
between household pesticide use and childhood cancer7 as well as increased pesticide levels in
homes near agricultural areas analyzed by in home dust samples in Salinas Valley California.8
The EPA has also implemented a Pesticide Data Program (PDP) which monitors the residual
pesticide content that reaches the market place and consumers by collecting and analyzing
samples from ten cooperating states that produce a large quantity of the nation’s fruits and
vegetables.9
12

Figure 1. World and U.S. Pesticide Amounts of Active Ingredient at Producer Level by Pesticide
Type, 2012 Estimates5

Figure 2. User Expenditures on Pesticides in the United States by Pesticide Type and Market
Sector, 2012 Estimates5

Testing covers over 500 pesticides at detection levels of less than 1 ppm in most cases. Testing
is primarily performed using liquid and gas chromatography in tandem with mass spectrometry
to analyze multiple analytes simultaneously according to the 2019 PDP Annual Summary.9
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Because the PDP focuses on agricultural crops, it largely contains insecticides and does not
include the herbicide glyphosate.
Glyphosate is a non-selective herbicide10 and active chemical ingredient in Roundup with
a maximum contamination level (MCL) of 700 ppb. The chemical structure is shown in Figure 3
and contains an amine, carboxyl, and phosphate each separated from the amine by one carbon.
This structure can be referred to as a phosphonate or an amine. Other similar structures like
ethephon, a plant growth regulator,11 are also phosphonates but do not contain a nitrogen in the
structure and are not amines.

Figure 3. Glyphosate Structure (left) Ethephon Structure (right)

It is not uncommon for glyphosate detection methods to target the phosphonate aspect of the
molecule. One example of this being the use of PhnD proteins, which are part of natural
biological phosphonate binding and transport within the human body. In 2020, research into the
use of PhnD integrated with solid state nano-pores developed sensors capable of detecting
phosphate and glyphosate in addition to biological phosphonates.12 Detection limits were
reported to be 100 to 1000 times greater than traditional chromatography methods, particularly
ion chromatography, having detection limits of approximately 1 µM.13 The inability to
accurately detect low level phosphonates has led to what Dr. Valle and associates have referred
to as the “glyphosate paradox” in which glyphosate is one of the most widely used pesticides and
associated with a relatively low amount of public health policies.14 These things considered,
14

detection and quantification methods for low glyphosate levels are an important area of ongoing
research. It is plausible that investigation into the ability to detect glyphosate as a secondary
amine rather than as a phosphonate may open other analytical pathways. In other work,
primary, secondary, and tertiary amine detection has also been studied using viologen
complexes, fluorescence, and ultra violet-visible (UV-Vis) absorbance.
Complexes with Viologen Incorporated Ligands
One such complex explored by Dr. Haiying Yang et al. coordinated complexes of
cadmium with specific viologen derivatives, which are well known for their ability to transfer
charge as shown in .15 Viologen cations V2+ can form V+ with one radical electron.16 This gives
essentially a linear one-dimensional path to quickly transfer one electron and produce a visual
color change.

Figure 4. Viologen Cation (V2+) and Radical (V+)17
Reprinted with permission from Porter, W. W.; Vaid, T. P., Isolation and Characterization of Phenyl Viologen as a Radical
Cation and Neutral Molecule. The Journal of Organic Chemistry 2005, 70 (13), 5028-5035. Copyright 2005 American Chemical
Society.

The complex synthesized was Cd(II)Cl(m-bpybdc)2, where (m-bpybdc) is 4,4’bipyridinium-1,1’-bis(phenylene-3-carboxylate). This has an unusual geometry with seven
ligands: a pentagonal bipyramidal geometry with the two water ligands in the axial position and

15

a bidentate carboxylate group. Mixing amines with this complex had unique results. Different
amines resulted in different color changes. Therefore, the Cd(II)Cl(m-bpybdc)2 was dried onto
filter paper and used as amine indicating test strips. Applications of these paper test strips would
provide a timely response for detection in the field. Shows the original color of the complex
was beige. After it was exposed to primary amines the color turned yellow; with secondary
amines turned dark green or black; and ammonia turned light green. Tertiary amines and bulky
primary and secondary amines gave no color change.

Figure 5. Differentiation of Amine Types15
Reprinted with permission from Sui, Q.; Li, P.; Yang, N. N.; Gong, T.; Bu, R.; Gao, E. Q., Differentiable Detection of Volatile
Amines with a Viologen-Derived Metal-Organic Material. ACS Appl Mater Interfaces 2018, 10 (13), 11056-11062. Copyright
2018 American Chemical Society.

This work concluded that the test paper strips could be made with the ability to give a
simple indication of non-bulky amines, and determine the type of amine present however, no
detection limit was evaluated. While effective and applicable to the field, research has shown
that fluorescence can also be a useful method in low level amine detection.
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Other Methods using Complexes to Detect and Quantify Secondary Amines
The fluorescent nature of zinc complexes have been studied for their ability to provide
rapid amine indication at concentration levels as low as 1.6x10-6 M for trimethylamine.18 In Dr.
Ksenofontov’s study three complexes were examined, each of them containing two zinc atoms
with 2,2’-, 2,3’- and 3,3’ – bis (dipyrrins) ([Zn2L2]). These three complexes were formed by
mixing cyclohexane with the following amines: pyridine (Py), diethylamine (DEA), and
trimethylamine (TEA). Alternate complexes were formed in the form [Zn2L2Xn] with n =1-4
and X is either the Py, DEA, or TEA, which ever was being evaluated. The fluorescent spectrum
is shown in and the linear calibration curve and limit of detection in Table 1. As shown, the
detection limits with this complexation method are between 1.6x10-6 M and 9.3x10-5 M.

Figure 6. Fluorescent Intensities with Organic Amines18
Reprinted from Ksenofontov, A. A.; Guseva, G. B.; Antina, E. V.; Vyugin, A. I., Zinc(II) bis(dipyrromethenate)s as
chemosensors for fluorescent detection of amines. Journal of Luminescence 2017, 181, 387-392. Copyright 2017 with
permission from Elsevier
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Table 1. Calibration and detection limits of amine concentration in cyclohexane by using
[Zn2L2]18

Reprinted from Ksenofontov, A. A.; Guseva, G. B.; Antina, E. V.; Vyugin, A. I., Zinc(II) bis(dipyrromethenate)s as
chemosensors for fluorescent detection of amines. Journal of Luminescence 2017, 181, 387-392. Copyright 2017 with
permission from Elsevier

Dr. Sousaraei and coworkers carried out research on other Luminescent Metal-Organic
Frameworks (LMOFs) with zinc through Zn2(bpdc)2(bpee).19 The (bpdc)2 group is 4,4’biphenyldicarboxilic acid and the (bpee) is 1,2-bipyridylethene. Mixed matrix membranes were
prepared for testing by mixing Zn2(bpdc)2(bpee) with dimethylvinyl-terminated dimethylsiloxane
(PDMS) and dimethylhydrogen siloxane. The research found that ammonia (NH3), propylamine
(Prop-NH2), diethylamine (Et2NH) and triethylamine (Et3N) exchanged places with the bpee as a
Zn ligand resulting in changes to the Fourier-transform infrared (FTIR) spectrum and a change in
absorbance that varies linearly with concentration following Beer’s Law.20 In , all absorption
data was measured 30 minutes after amine introduction. Ammonia had the most prominent
FTIR response with a reduced peak between 485 and 468 cm-1 and an increased peak between
2888 and 2978 cm-1 corresponding to the bpee being freed by the exchange of added amines.
The detection limit was near or below the 1 ppm level in all cases. It is believed that these zinc
complexes are a good choice for amine detection because of the low-level sensing ability
towards amines.
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Figure 7. FTIR Bands of Different Amines and Detection Level Concentrations19
Reprinted with permission from Sousaraei, A.; Queiros, C.; Moscoso, F. G.; Lopes-Costa, T.; Pedrosa, J. M.; Silva, A. M. G.;
Cunha-Silva, L.; Cabanillas-Gonzalez, J., Subppm Amine Detection via Absorption and Luminescence Turn-On Caused by
Ligand Exchange in Metal Organic Frameworks. Anal Chem 2019, 91 (24), 15853-15859. Copyright 2019 American Chemical
Society.

Other work by Dr. Mallick, A and associates, used zirconium (Zr) based Metal-Organic
Frameworks (MOFs).21 Fluorescence and color analysis with MOFs often provide sensitive
detection.22 These complexes are constructed to increase fluorescence intensity in the presence
of electron-rich amines by coordinating the zirconium with electron-deficient ligands. The
following volatile organic amines (VOAs): methylamine (MA), ethylamine (EA), triethylamine
(TEA), aniline, paraphenylenediamine (PDA), and nicotine were used for experimentation in this
study. As an amine sensor, a visually observable change in fluorescence provides an immediate
indication. Results with amines tested revealed that aromatic amines had a quenching effect
while amines or amines included in carbon chains increased the intensity as shown in . This
Figure also shows MA which was the most responsive amine tested with a detection limit of 66.2
nM. The Zr(IV) complex was also able to detect nicotine at a concentration as low as 280 nM.
Complexes of amines with phthalocyanines are also another gateway for quantifying amines.

19

Figure 8. Fluorescence of Methylamine (left) and Aniline (right) Concentrations21
Reprinted with permission from Mallick, A.; El-Zohry, A. M.; Shekhah, O.; Yin, J.; Jia, J.; Aggarwal, H.; Emwas, A. H.;
Mohammed, O. F.; Eddaoudi, M., Unprecedented Ultralow Detection Limit of Amines using a Thiadiazole-Functionalized
Zr(IV)-Based Metal-Organic Framework. J Am Chem Soc 2019, 141 (18), 7245-7249. Copyright 2019 American Chemical
Society.

Phthalocyanine Geometry and Complex Formation
Phthalocyanine is a macrocycle molecule not too dissimilar from porphyrin complexes.
The Pc molecule is a larger ring composed of four smaller pyrrole rings connected by four
amines in a planar configuration with four benzene rings attached to the outer most portion of the
pyrroles. Each pyrrole/benzene combination forms indoline permitting the Pc structure to also
be described as four indoline molecules each bonded to a nitrogen atom.
Properties can be varied by coordinating the Pc to different metals or different
substituents, the number of substituents, and the location of the substituents.23 Because of the
conjugated π electron system, Pc’s have versatile interactions with other molecules. Metal free
Pc’s were studied by Dr. Renjie and colleagues to determine the electron withdrawing and
electron donating aspects of different ligands and the same ligands according to their different
coordination cites on the Pc.24 One result indicated that small alkyl groups acted as electron
donors to the Pc while large alkyl groups acted as electron withdrawing groups. It has also been
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demonstrated in the case of nitrogen dioxide (NO2) that a peripheral reaction occurs where the Pc
ring transfers an electron to the gas molecule.25, 26

Figure 9. Porphyrin Structure27 (left) and Phthalocyanine Structure (right)24
Reprinted with permission from Steiner, E.; Fowler, P. W., The shell structure of pi ring currents in the expanded porphyrin
amethyrin. Org Biomol Chem 2006, 4 (12), 2473-6. Copyright 2006 Royal Chemical Society.
Reprinted with permission from Li, R.; Zhang, X.; Zhu, P.; Ng, D. K. P.; Kobayashi, N.; Jiang, J., Electron-Donating or Withdrawing Nature of Substituents Revealed by the Electrochemistry of Metal-Free Phthalocyanines. Inorganic Chemistry
2006, 45 (5), 2327-2334. Copyright 2006 American Chemical Society.

shows a metal phthalocyanine. Metal addition forming an MPc complex adds to the
response of these electron donating and withdrawing ligands.28 As electron density is changed
around the metal atom or charge transfer occurs, electron configuration can be altered resulting
in changes in absorbance, symmetry, and molecular geometry.29, 30
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Figure 10. Metal phthalocyanine (MPc) Structure31
Reprinted from Sutarlie, L.; Yang, K.-L., Colorimetric responses of transparent polymers doped with metal phthalocyanine for
detecting vaporous amines. Sensors and Actuators B: Chemical 2008, 134 (2), 1000-1004. Copyright 2008 with permission from
Elsevier

A research group with Dr. Michinori studied these geometric and absorbance changes
using iron phthalocyanine (FePc) and either one or two ligands of cyanide (CN-) or pyridine
(Py). The complexes observed had different structures with the symmetry point groups: FePc =
D4h, FePc(Py) = C2v, FePc(Py)2 = D2h, FePc(CN-) = C4v, and FePc(CN-)2 = D4h.30, 32, 33 There
were also differences reported in the metal-ligand charge transfers (MLCT). For example,
MLCT of FePc(Py)2 occurred from the iron d orbitals to the ligand π* orbitals and showed a
change in the UV-Vis absorbance B band. For FePc(CN-)2 the MLCT was from the iron d
orbitals to the Pc ring π* orbitals and did not appear in either the B or Q bands where Pc
absorbance changes are typically seen.34
Another study of phthalocyanine structures conducted by Dr. Konarev et al. analyzed the
stacking and overlap of (Fe(I)Cl16Pc) Iron(I) hexadecachlorophthalocyanine relative to the
charge associated with the Pc.35 Complex versions were made using (PPN+) bis(triphenylphosphoranylidene)ammonium and (Ph3MeP+) triphenylmethylphosphonium cations.
Results indicated that Fe(I)Cl16Pc would form either a binuclear arrangement with the iron of one
complex weakly coordinated with the imine nitrogen of the other or a trimeric arrangement with
22

the iron of one complex coordinated to the pyrrole nitrogen of the other 1 and 2. The difference
in stacking arrangements can be seen as the iron that is complexed with the imine nitrogen is
slightly twisted in reference to the other. 2 only shows half the trimeric structure or only the
central complex connected to one adjacent complex. All three coordinated together would show
that the central complex is twisted in orientation to the outer two complexes and the outer two
remain untwisted in orientation to each other. This is another example of the diverse structure
and interaction possibilities of phthalocyanines based on their charges when complexed with
different ligands.

Figure 11. Binuclear Overlaps of [Fe(I)Cl16Pc(−1)]− 35
Reprinted with permission from Konarev, D. V.; Zorina, L. V.; Ishikawa, M.; Khasanov, S. S.; Otsuka, A.; Yamochi, H.;
Saito, G.; Lyubovskaya, R. N., Molecular Design of Anionic Phthalocyanines with π–π Stacking Columnar Arrangement. Crystal
Structures, Optical, and Magnetic Properties of Salts with the Iron(I) Hexadecachlorophthalocyanine Anions. Crystal Growth &
Design 2013, 13 (11), 4930-4939. Copyright 2013 American Chemical Society.
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Figure 12. Overlaps of Trimeric [Fe(I)Cl16Pc(−2)]− 35
Reprinted with permission from Konarev, D. V.; Zorina, L. V.; Ishikawa, M.; Khasanov, S. S.; Otsuka, A.; Yamochi, H.;
Saito, G.; Lyubovskaya, R. N., Molecular Design of Anionic Phthalocyanines with π–π Stacking Columnar Arrangement. Crystal
Structures, Optical, and Magnetic Properties of Salts with the Iron(I) Hexadecachlorophthalocyanine Anions. Crystal Growth &
Design 2013, 13 (11), 4930-4939. Copyright 2013 American Chemical Society.

Octahedral geometries have also been observed in Fe(II)Pc when complexing with amine
and phosphite ligands.36 In this study by Dr. Ona-Burgos et al., FePc was reacted with four
different amines (decylamine, bencylamine, para-methoxybencylamine, or
trimethylsilylmethylenamine) in a THF (Tetrahydrofuran) solvent solution at a 2:1 amine:FePc
ratio. These reactions formed complexes in which the amines were attached axially to the iron,
shown in , and were green in color. Further reactions with triethylphosphite replaced one of the
anime ligands with phosphite and resulted in an immediate color change from green to bright
blue. This validates the use of Pc’s in possible analytical methods and as indicators.
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Figure 13. Amine Complexation with FePc in THF36
Reprinted with permission from Oña-Burgos, P.; Casimiro, M.; Fernández, I.; Navarro, A. V.; Fernández Sánchez, J. F.;
Carretero, A. S.; Gutiérrez, A. F., Octahedral iron(ii) phthalocyanine complexes: multinuclear NMR and relevance as NO2
chemical sensors. Dalton Transactions 2010, 39 (27), 6231-6238. Copyright 2010 Royal Chemical Society.

Additionally, amine interactions with FePc have been found to form a dimer complex
where the iron of two FePc complexes are linked by a nitrogen atom.37-39 The diverse
interactions between amines and FePc previously researched covers a wide range that warrants
continued investigation, research, and application.
Amine Detection with Phthalocyanines
One application studied was in the detection of volatile organoamine compounds in short
carbon chains of eight or less.31 Many detection methods require equipment or a power source
for analytics. The research was focused on developing a detection method that had the capability
of alerting personnel to amine vapor environments in real-time, and not reliant on a power
source. Conceptually, this would be done by incorporating compounds that change color into
PPE.
In the work performed by Sutarlie, L. and Yang, K. L. five metals were integrated into
the phthalocyanine complex for study: copper, lead, zinc, nickel, and iron all in the 2+ oxidation
state.31 Hydrogen was also used to evaluate a non-metal Pc (phthalocyanine) giving six total
compounds for trial. Equal concentrations of each MPc/Pc were dissolved in toluene. After
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equal amounts of hexylamine were introduced to all six solutions, only one of the six trials
yielded a considerable change in appearance. With the iron version of the complex, Iron(II)
Phthalocyanine, hexylamine generated a green color while all others yielded no observable
change as shown in .

Figure 14. Visual Results of MPc and Hexylamine31
Reprinted from Sutarlie, L.; Yang, K.-L., Colorimetric responses of transparent polymers doped with metal phthalocyanine for
detecting vaporous amines. Sensors and Actuators B: Chemical 2008, 134 (2), 1000-1004. Copyright 2008 with permission from
Elsevier

Results indicated that only the primary amines caused a color change and it was
speculated that this was due to the steric hindrances surrounding the MPc. Of the two primary
amines that caused a color change, ethylenediamine (EDA) is more indicative than hexylamine.

Figure 15. Hexylamine (left) and Ethylenediamine (right)

A possible reason is that the amine functional groups were tested rather than the equivalent
moles of the amine molecules. This means that since EDA has two amine groups versus one, it
could potentially contribute to a higher response. Sutarlie and Yang then incorporated FePc into
clear colorless polymers representing PPE. When exposed to amines, the doped polymers turned
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green indicating that FePc could be a good real-time indication of amines. Although secondary
amines did not exhibit a color change in this work, it is the purpose of our research to evaluate
the UV-Vis response of secondary amines when complexing with Iron(II)
tetrasulfophthalocyanine (FeTSPc) in water.
Amines are often found in water in natural, environmental, and agricultural samples.
Many MPc’s are soluble in organic solvents but not water. A water soluble MPc complex would
allow diversified applications of potential detection, measurement, and removal. FeTSPc, a
sulphonated version of FePc shown in , is water soluble. In addition to being water soluble
FeTSPc is UV-Vis responsive. Interactions with amines cause an electron density shift in the
complex resulting in a change in the UV-Vis spectrum.40 Pc responses are known to occur in
two general regions, one in the B band between 325 – 425 nm and the other in the Q band
between 600 – 750 nm.41 The spectrum of FeTSPc shown in peaks at approximately 632 nm.
Changes in the absorbance spectra outside the peak upon the addition of amines can be used for
detection and quantification in water.42 This means that water soluble FeTSPc can be explored
for detecting amines in single system aqueous solutions.
Additional instrumental technology has been developed with a particular focus on amines
that contain benzene rings in their molecular structure. These specific types of amines were
targeted for detection because no current method exists for the detection of illegal amphetamine
drugs.43 Much of the amine testing development to date involves amines in the liquid and vapor
phase. Therefore, mass spectroscopy (MS) was explored to detect solid amines. A unique
vacuum UV photoionization source was combined with MS instrumentation for analysis. In this
manner, Dr. Zhang, H. and coworkers were able to construct an analytical instrument capable of
detecting benzylamine and aniline at the part per trillion level.
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Figure 16. 2.87 x 10-5 M FeTSPc Absorbance Spectrum in Water

Figure 17. Molecular Structure of Iron (II) tetrasulfophthalocyanine (FeTSPc)44
Reprinted from Fashedemi, O. O.; Ozoemena, K. I., A facile approach to the synthesis of hydrophobic iron
tetrasulfophthalocyanine (FeTSPc) nano-aggregates on multi-walled carbon nanotubes: A potential electrocatalyst for the
detection of dopamine. Sensors and Actuators B: Chemical 2011, 160 (1), 7-14. Copyright 2011 with permission from Elsevier.
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While the development of specialty instrumentation methods are effective, they can also
be costly in some cases. This makes the development of inexpensive methods of desirable
interest. Recently in 2019 the development of analytical sensing probes for pesticide analysis
was studied using manganese phthalocyanines (MnPc)45.

In this study by Dr. Akyüz, D et al.,

electrochemical sensors were constructed using terminal alkynyl substituted manganese
phthalocyanine (MnPc-TA) and 4-azido polyaniline (N3-PANI). Experiments were focused on
insecticides and found to have good selectivity and sensitivity evaluated by the appearance of
new redox peaks emerging during square wave voltammetry analysis. The detection limits for
fenitrothion, eserine, and diazinon were 0.049 μmol dm−3, 0.088 μmol dm−3, and 0.062 μmol
dm−3 respectively. While this could offer another means of pesticide detection it is at a research
stage and also did not contain herbicides like glyphosate. Detection on traditional analytical
instrumentation could offer lower cost analytical means. Integration of such methods into
laboratory settings would be more easily adaptable with preexisting analytical instrumentation
not requiring special products and associated maintenance.
Research Aims
This work hypothesized that a water soluble phthalocyanine should exhibit a change in
the absorbance spectrum when complexing with secondary amines. FeTSPc was chosen due to
the previous study where the appearance of a green color change was observed. While an
observable color change did not exist in solution, there was an absorbance change in the visible
spectrum. This work then pursued using FeTSPc to develop an analytical method to both
quantify and remove secondary amines and pesticides from water using pure glyphosate as
surrogate. In addition to quantification, further research is suggested to remediate pesticides
using oxidative dephosphorylation.46 Dibutylamine (DBA) is a secondary amine with a similar
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carbon chain to glyphosate but is not a phosphonate. DBA is a liquid typically used as a
corrosion inhibitor47 and in the manufacture of emulsifiers. In this work, detection of DBA with
structure shown in Figure 18, was analyzed to compare to detection of glyphosate.

Figure 18. Dibutylamine Structure
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CHAPTER 2. EXPERIMENTAL METHODS
Chemicals and Equipment
All chemicals were ordered from VWR. FeTSPc was synthesized in the laboratory with
slight modifications to previous recipes found in literature.48 All visible sample analyses was
performed using a spectro-vis absorption instrument measuring visible light (400 – 800 nm). All
pH measurements were conducted with a Vernier pH sensing probe. The temperature was
controlled using a Fisher Scientific Isotemp 4100 R20. A JEOL 400 MHz FT-NMR was used to
detect DBA after removal by FeTSPc supported on anion exchange resin.
Molar Absorptivity of FeTSPc
Determination of molar absorptivity was performed by the preparation of ten samples. A
stock solution was prepared by adding 0.035 g of FeTSPc into a 500 mL volumetric flask and
diluting to the mark. The stock solution was used to prepare ten 5.00 mL samples by dilution
with DI water with concentrations of 10, 20, 30, 40, 50, 60, 70, 80, and 90% of the stock solution
according to Appendix A. This resulted in concentrations ranging from 7.17E-06 M (10% stock) to
7.17E-05 M (100% stock).

pH Experimental Solution Preparations
A 200 mL of FeTSPc solution was automatically stirred in a 500 mL beaker. The initial
pH was found to be 5.10 and monitored with a Vernier pH sensing probe. The pH was adjusted
by adding 2.06 M acetic acid drop wise until reaching a steady pH of 1.58. An aliquot was
removed and placed into a quartz cuvette for analysis by spectroscopy and the spectrum
recorded. Three other spectra were obtained at different pH values in the same fashion as pH
was increased by the addition of NaOH (sodium hydroxide) solid in small amounts and allowing
pH to stabilize. The two additional spectra were recorded at pH values of 8.40 and 10.30.
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Initial DBA Detection Experiment
To ensure basic conditions were maintained during experimental analysis, a phosphate
buffer was prepared by adding 0.53 g of Na2HPO4 to 400 mL of water and adding HCl dropwise
until a steady pH of 8.19 was achieved. After buffer preparation, a 500 ppm DBA sample was
prepared by pipetting 65 µL of DBA into a 100 mL volumetric flask and diluting to the mark
with DI water. Once the buffer and DBA solutions were prepared, a 5.00 mL sample was
prepared according to Table 2 in a 10 mL test tube. The test tube was capped and inverted by
hand five times for mixing then a sample transferred by pipet to a quartz cuvette for absorbance
analysis. 2.50 mL of FeTSPc was chosen for the sample preparation to obtain an absorbance
value between 0.5 and 1.0. Actual absorbance value of the prepared sample was approximately
0.7.
Table 2. Sample Preparation for DBA Detection
FeTSPc Stock
(mL)

Phosphate Buffer
(mL)

500 ppm DBA
(mL)

DI Water
(mL)

2.50
2.50

0.50
0.50

2.00
0.00

0.00
2.00

DBA
Concentration in
Sample (ppm)
200
0

DBA Interaction Evaluated Over Time
To determine the effect of DBA on absorbance of FeTSPc over time, a 2,000 ppm DBA sample
was prepared by pipetting 260 µL of pure DBA liquid into a 100 mL volumetric flask and
Diluting to the mark with DI water. Three 5.00 mL samples were prepared according to Table 3
and absorbance measurements of each sample were taken every minute for 60 minutes.
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Table 3. Sample preparation for Absorbance Testing over Time
Sample #

FeTSPc
Stock (mL)

Phosphate
Buffer (mL)

2,000 ppm
DBA (mL)

DI Water
(mL)

DBA Concentration in
Sample (ppm)

1
2
3

2.50
2.50
2.50

0.50
0.50

2.00

2.50
2.00
-

0
0
800

Temperature Evaluation of DBA Interaction
Samples were prepared to determine stability of absorbance as a function of temperature.
The FeTSPc, phosphate buffer and 2,000 ppm DBA solutions were placed in the temperature
controlled water bath. After the temperature of each came to equilibrium, 5.00 mL, 1.00 mL and
4.00 mL of each solution respectively was transferred into a 100 mL round bottom flask
supported in the temperature controlled water bath. Absorbance measurements were collected
using Logger Pro Software every 5 minutes for 60 minutes at 20.00, 25.00, 30.00 and 40.00
(±0.3) °C with periodic mixing.
DBA Calibration Procedure
A calibration curve was generated with 30, 50, 100, 200, 400, and 800 ppm DBA. A
concentration of 7.17 x 10-5 M FeTSPc stock solution with an initial absorbance of 1.65 was used
along with the same phosphate buffer discussed previously. The solutions were heated
separately in a 30 °C water bath for an extended period to allow temperature to come to
equilibrium. After reaching a stable temperature, total sample volumes of 10.00 mL were
prepared by mixing 5.00 mL of FeTSPc, 1.00 mL of phosphate buffer, and 4.00 mL of DBA to
result in the above concentrations in capped 10 mL test tubes. These tubes were inverted 5 times
for mixing and then returned to the 30 °C water bath. Each of the six samples remained in the
water bath for 40 minutes before being removed and transferring an aliquot to a quartz cuvette
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for absorbance analysis. The absorbance measurement was taken at 667 nm corresponding to the
peak response of FeTSPc to DBA.
Adsorption Media
DBA removal experiments began by treating four different types of adsorption supports
with FeTSPc. The four media types tested separately were anion exchange resin, silica gel,
alumina, and OSU-6 (a mesoporous silica sold by XploSafe). The FeTSPc treatment was
performed using an FeTSPc solution with an absorbance of 1.630 or 6.847 x 10-5 M according to
the molar absorptivity plot. The FeTSPc solution, 100.0 mL, was added to each of the four 150
mL beakers with stir bar. Separate beakers were used to measure adsorption of FeTSPc on 0.1 g
of each support. The solutions were stirred for five minutes on a stir plate at 200 rpm and then
allowed to settle for five minutes. The absorbance of the supernatant was then measured.
Increments of each media were then added to the appropriate beaker and the procedure was
repeated. A plot of absorbance and mass permitted calculating the adsorption capacity.
Preparation of FeTSPc Resin
FeTSPc resin was prepared by adding 14.047 grams of Dowex 1x8, 100-200 mesh, anion
exchange resin as received to a 1.0 L beaker. FeTSPc solution (500.0 mL) with a peak
absorbance of 1.835 at 631.6 nm was added and magnetically stirred. The resin in FeTSPc
solution was allowed to settle every 15 minutes and an absorbance measurement taken to
monitor the amount of FeTSPc removed from solution and ionically bound to the resin. After 60
min of mixing the peak absorbance reduced to 0.203. The resin was allowed to settle and the
liquid decanted from the beaker. Another 500.0 mL of the same FeTSPc solution was added
stirred for an additional 60 min resulting in a peak absorbance of 0.703. This corresponded to
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5.964 x 10-5 moles of FeTSPc removed by and attached to 14.047 grams of anion exchange resin,
or 4.245 x 10-6 moles per gram of resin based of molar absorptivity.
Removal of DBA and Glyphosate Using FeTSPc Supported Resin
DBA removal experiments with resin were performed by placing approximately 1 gram
of anion exchange resin and 1 gram of FeTSPc treated resin each into separate 150 mL beakers
with 50.0 mL of DI water and magnetically stirred for 10 minutes. Stirring was stopped to allow
settling for 3 minutes. A 4.00 mL sample was extracted from the supernatant for analysis. DBA
concentration was then increased by replacing the 4.00 mL removed with 4.00 mL of 1,500 ppm
DBA and this process was repeated gradually increasing the DBA concentration.
NMR Analysis of DBA Removal Experiments
NMR measurements were performed to detect remaining DBA by preparing a 154 ppm
solution in heavy water (D2O) for NMR analysis. This solution was prepared by adding 2 µL of
DBA to 10.00 mL of D2O in a glass vile. After analysis by NMR, the solution was transferred
into a 150 mL beaker and 1.458 g of FeTSPc resin was added with a stir bar. The solution was
stirred with the resin for 3 hours and 15 minutes then removed from the stir plate and the resin
allowed to adequately settle for a few minutes. Liquid was extracted from the top portion of the
solution and transferred to an NMR tube for analysis.
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CHAPTER 3. RESULTS AND DISCUSSION
pH Influence on FeTSPc Absorbance Spectrum
The absorptivity plot in the visible spectrum has a single smooth peak with a maximum
near 632 nm. Other conditions, such as pH, can change the molar absorptivity of FeTSPc in
water. Four pH conditions are shown in Figure 19; 1.58, 5.10, 8.40, and 10.30. Starting from
the most basic solution, peak absorbance lowers to some extent as pH is decreased, but the shape
of the curve is relatively unchanged initially. When pH is lowered significantly the peak
maximum shifts drastically and a new peak forms to the right. This is likely due to protonation
of the outer four nitrogen atoms of the FeTSPc ring.
To eliminate the interference of acidic environments in the amine absorbance response, a
phosphate buffer was incorporated into the sample preparation before analysis by spectroscopy.
The absorbance spectrum was unaltered from the FeTSPc spectrum shown in indicating that the
phosphate buffer could be used to maintain basic conditions without causing further interference.
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Figure 19. pH Effect on FeTSPc Visible Spectrum

Molar Absorptivity
Ten samples were prepared and analyzed to obtain the molar absorptivity of FeTSPc.
Absorbance measurements were collected at 632 nm where the spectrum peaks. A linear fit
matched Beer’s Law with an R2 value of 0.9955. This plot (Figure 20 & Appendix A) was used
throughout this study for the determination of FeTSPc concentration determination. These
concentrations were selected targeting an absorbance of 1.0. The range of FeTSPc absorbance
values evaluated spanned from a minimum of 0.17 using the most dilute 10% stock solution to a
maximum of 1.65 using the undiluted 100% FeTSPc stock solution at the 632 nm wavelength
corresponding to the peak absorbance.
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Figure 20. Molar Absorptivity Plot with Unadjusted pH (approximately 5.10)

Changes in Absorbance over Time
Analysis was performed by visible absorbance measurements every minute for 60
minutes. All samples were prepared as given in Table 3 and measured over time at room
temperature. Absorbance of samples 1 (FeTSPc and DI water) and 2 (FeTSPc and buffer) were
relatively unchanged over time (Figure 21). Sample 3 (FeTSPc, buffer, and DBA) however, had
an increasing absorbance over time and did not significantly increase after 60 minutes (Figure
22). The absorbance increase over this time interval was approximately 0.5 indicating that the
formation of a complex between DBA and FeTSPc is relatively slow.
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Figure 21. Absorbance of FeTSPc only (left) and FeTSPc with Buffer (right)

Figure 22. Absorbance of FeTSPc, Phosphate Buffer, and DBA
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FeTSPc Interaction with Dibutylamine (DBA)
DBA was used for initial studies measuring the absorbance response of aminephthalocyanine complexing. Below Figure 23 shows the FeTSPc spectrum on the left compared
to being mixed with 200 ppm DBA (prepared as in Table 2). The sample containing DBA has
the same peak around 632 nm with a slightly lower absorbance and also the presence of a
shoulder forming to the right of the peak.

Figure 23. FeTSPc with Phosphate buffer (left) and immediately after the Addition of 200 ppm
DBA (right)

Determination of the wavelength in which the shoulder appears was analyzed by
subtracting the absorbance of the FeTSPc stock sample from the sample containing DBA (Figure
24). The difference between the two reveals two distinct changes. First, there is a decrease in
absorbance at the 632 nm peak and second the increase in absorbance at the shoulder is most
predominant at 667 nm. This wavelength is the maximum used for DBA detection.
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Figure 24. FeTSPc Absorbance Difference between 0 ppm and 200 ppm DBA

Effects of Temperature on Absorbance
The temperature dependence of the DBA interaction with FeTSPc was explored at 20 °C,
25 °C, 30 °C, and 40 °C over 60 minutes. Absorbance at 667 nm corresponds to the peak
response to DBA when the absorbance of FeTSPc with no DBA is subtracted and referred to as
the absorbance difference. This difference over 60 minutes plotted at each temperature is
compared in Figure 25. As can be seen, a region of stability suitable for determination of DBA
with FeTSPc can be found at 30 °C after 40 minutes.
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Figure 25. Absorbance Difference of FeTSPc and FeTSPc with DBA at Various Temperatures

The experiment performed at 30 °C was repeated over an extended time period to better
determine the behavior of the FeTSPc-DBA interaction specifically surrounding the 40 minute
time period proposed for analytical testing. The change in absorbance for an extended time
period of 4 hours at 667 nm is shown in Figure 26 below. This behavior confirms the
importance of time considerations if using this method for determining DBA concentration. The
absorbance difference exhibits the smallest change near the peak maximum and should
correspond to the most consistent results. This is best illustrated in Figure 25 in green
representing 30 °C and a plateau with minimal absorbance change between 30 and 50 minutes.
Some error is evident as the 4 hour trial peaked closer to 50 minutes as opposed to the 60 minute
trial where the absorbance difference peaked near 40 minutes at the same temperature.
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Figure 26. FeTSPc Interaction with DBA over 4 hours at 30 °C

Figure 27. Change in Absorbance of FeTSPc and DBA over 30 Minutes at 30 °C
43

Additionally, visual representation of the change in absorbance over the first 30 minutes
is shown in Figure 27. A reduction in the initial peak absorbance at 632 nm can be witnessed as
well as the rise and formation of a new peak at 667 nm. The rate of change can also be seen
diminishing as the interaction between FeTSPc and DBA approaches 30 minutes.
Another consideration concerning time and temperature is that the absorbance response
following the addition of DBA initially increases to a peak maximum and then diminishes to its
original value over time. This is shown graphically with the color purple at 40 °C in Figure 25
as well as Figure 26 at 30 °C. Although further evaluation is needed to fully understand the
exact reaction mechanism, there are possible explanations of this phenomena that have been
previously reported. Degradation of the MPc has been shown to occur as a result of photo
radiation, molecular structure, redox processes, and solvent medium.49 Photo decomposition or
demetalation of the FeTSPc complex from exposure to light could be a potential cause of the
reduction in absorbance.50 Another possibility is the formation and breakdown of a µ-nitridobridged dimer where the DBA forms a bridge between two FeTSPc complexes. Research
performed by Bottomley, L. A. et al. used voltammetry experiments to oxidize and reduce a µnitrido-bridged [Fe(III)Pc]2N dimer in pyridine while measuring absorbance and produced a
changing spectrum nearly identical to the spectrum shown in Figure 27 of this work.39 It was
their conclusion that the [FePc]2N dimer could support up to one oxidation or one reduction and
still retain its dimer configuration while any further reduction or oxidation caused the dimer to
decompose. It is plausible that the absorbance increase followed by the gradual decrease seen in
our work results from the formation of a [FeTSPc]2DBA dimer that is then decomposed due to
reduction from the phosphate buffered basic aqueous environment. The formation of a
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[FeTSPc]2DBA dimer is also supported by the lack of color change as amines forming an
octahedral complex with FePc have been known to produce a green color. A third possibility is
the formation of a mixed ligand complex were the DBA complexes with the iron on one side of
the Pc plane and phosphate complexes with the iron on the opposite side. This mixed ligand
complex has been reported with Fe(II)Pc in THF solvent medium.36 It is not thought to be the
likely cause in this work due to the experiments discussed previously and shown in Figure 23
where the FeTSPc absorbance spectrum did not change when the phosphate buffer was added to
solution. It is however, possible that phosphate replaces a DBA ligand thereby diminishing the
initial absorbance response.
Calibration Curve Detecting DBA
Three sample sets each containing six concentrations of DBA were used to generate the
data contained in Appendix B. The average absorption values of the data sets form the
logarithmic curve shown in Figure 28. The FeTSPc solution was calculated to be approximately
7 x 10-5 M and was diluted by one half during sample preparation.
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Figure 28. Calibration Curve Detecting DBA

Although not a linear response, this curve shows a relationship of the FeTSPc absorbance
difference and DBA with an R2 value of 0.9929. This demonstrates that with the use of
standards, calibrations, and blanks, FeTSPc provides a viable means of DBA detection and
quantification in solution at levels less than 800 ppm. Above 800 ppm, the change in absorbance
with concentration is most likely due to reaching the largest amount of DBA that can complex
with the amount of FeTSPc present. If this is the case, then using a higher concentration of
FeTSPc should result in forming a complex with more DBA. Consequently, this will raise the
overall absorbance making small changes in absorbance harder to discern. From the
concentrations analyzed, a DBA concentration of 50 ppm was used to determine the detection
limit. Equation 3.1 is the equation that was used to find the detection limit.

(3.1) Detection Limit (ppm) =

𝑒

∆𝐴+3𝑠+0.1107
)
0.119

(
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In this equation, ΔA is the absorbance difference of the FeTSPc with and without DBA at 667
nm, 3s is three times the standard deviation of the absorbance differences using 50 ppm DBA,
the intercept (-0.1107) and pre-natural log factor (0.119) are from the calibration obtained in
Figure 28. The detection limit for DBA was calculated to be 55 ppm. While this value is high
compared to other spectroscopy and instrumental methods, this method based serves as a simple
and less costly screening method for finding concentrations of amines and pesticides in water.
Adsorption Support of FeTSPc
After this stage of developing a quantification method for DBA, FeTSPc removal
applications were investigated. FeTSPc was attached to four different removal medias (1)
Dowex 1x8, 100-200 mesh, Cl- type anion exchange resin, (2) silica gel, (3) alumina, and (4)
OSU-6 which is an MCM-41 type hexagonal mesoporous silica.51 Media was introduced
incrementally to FeTSPc solutions while measuring absorbance between additions. The data is
given in Table 4. In the cases of (2) and (4), the experiments were ceased after 20 minutes
because there was no observable change in absorbance upon the addition of silica gel or OSU-6.
In the case of (3) the absorbance increased after the first three additions. Figure 29 shows the
cloudiness of the solution and lack of alumina settling. This was the probable cause of the
absorbance increase noted. After the fourth addition, the alumina sample was centrifuged before
sampling for absorbance analysis and the measurement was near the initial FeTSPc absorbance
value of 1.6.
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Figure 29. Absorption Media with FeTSPc (from left to right - resin, silica gel, alumina, OSU-6)

In case (1), anion exchange resin lowered the absorbance value of the solution the most
compared to other adsorption medias. The most likely reason for this is that the FeTSPc is
ionically bound to anion exchange resin.52 Evidence of this can also be seen by the color of the
resulting resin (Figure 30) after being allowed to dry compared to the white anion exchange
resin. Over a period of 30 minutes an absorbance drop occurred at 632 nm from 1.630 to 0.183.
This correlates to 2.326 x 10-6 moles of FeTSPc per gram of resin.
Table 4. Absorption Media with FeTSPc Data
ANION RESIN (1)
Time
(min)

grams
added

grams
total

Abs

SILICA GEL (2)
grams
added

0

grams
total

ALUMINA (3)

Abs

grams
added

grams
total

OSU-6 (4)

Abs

grams
added

grams
total

Abs

Initial absorbance with no media present = 1.630

5

0.126

0.126

1.559

0.111

0.111

1.656

0.106

0.106

1.704

0.107

0.107

1.654

10

0.507

0.633

1.232

0.503

0.614

1.663

0.531

0.637

1.812

0.513

0.62

1.659

15

0.531

1.164

0.816

1.034

1.648

1.677

1.036

1.673

1.935

1.005

1.625

1.674

20

0.501

1.665

0.536

1.012

25

0.505

2.17

0.323

1.688
-

1.008
-

2.681
-

1.568
-

1.004
-

2.629
-

1.665
-

30

0.515

2.685

0.183

-

2.66
-

-

-

-

-

-

-

-
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Figure 30. FeTSPc Resin

Removal of DBA with Resin
The following experiment was performed to determine how well resin with adsorbed
FeTSPc would remove DBA compared to untreated resin used as received. Treated resin was
prepared with a FeTSPc concentration of 4.245 x 10-6 moles per gram of resin. Three solutions
of untreated resin and three solutions of treated resin were prepared. DBA was added to each
solution and stirred prior to taking an absorbance measurement. After the absorbance
measurement was taken more DBA was added to increase the concentration. The solution was
again stirred and an absorbance measurement taken. This was repeated to generate the data in
Appendix C. The absorbance difference of the treated resin solutions were lower than the
untreated resin in all cases (Figure 31) indicating that the treated resin removed more of the DBA
from solution. This suggests that resin treated with FeTSPc is more efficient at removing DBA
than regular anion exchange resin.
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Figure 31. Resin Comparison for DBA removal

DBA Removal Verification by NMR Analysis
Figure 32 shows the NMR spectrum of 154 ppm DBA in D2O. The large peak farthest to
the left corresponds to water (H2O) impurity in the D2O solvent used while the other peaks
correspond to DBA. It is important to note for comparison that the unit scale for the Y-axis is in
millions. Figure 33 shows the spectrum of the same sample after being stirred with FeTSPc resin
with the unit scale for the Y-axis also in millions. On this scale the only peak that can be
recognized is from the water impurity. All peaks coinciding with DBA are no longer visible.
This shows clearly that DBA was removed by the FeTSPc resin. Figure 34 contains the same
spectrum as Figure 333 only zoomed in around the expected response area of DBA with the unit
scale for the Y-axis in thousands. This expanded view shows that some DBA remained present
in trace amounts however, FeTSPc resin was successful in significantly removing DBA.
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Figure 32. NMR Spectrum (Y-axis in Millions) of 154 ppm DBA in D2O.

Figure 33. NMR Spectrum (Y-axis in Millions) after treating 154 ppm DBA in D2O with FeTSPc
supported anion exchange resin.
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Figure 34. 154 ppm DBA Spectrum after FeTSPc resin Removal (Y-axis in Thousands)

Glyphosate Detection with FeTSPc
Detection of Glyphosate, a common active ingredient in pesticides, was tested using the
same method as the DBA calibration curve from Figure 28 discussed previously with a FeTSPc
solution weighed and calculated to be 6.557 x 10-5 M. The absorbance response was not as
consistent with comparison to DBA nor was detection capable at the same levels. Figure 35
shows the difference in the absorbance spectra of FeTSPc subtracted from the absorbance of
FeTSPc with 200 ppm glyphosate while buffered to a basic pH. The FeTSPc/glyphosate
response is similar to that of FeTSPc and DBA shown previously in Figure 24 with a few
exceptions. One difference is that the reduction of the FeTSPc absorbance peak at 632 nm was
much larger dropping from approximately -0.05 to -0.14. Also, the formation of the new peak or
shoulder shifted from 667 nm with DBA to 683.5 nm with glyphosate. Lastly, the maximum
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difference at the peak for DBA was approximately 0.12 while the glyphosate peak absorbance
difference was slightly lower than 0.1.

Figure 35. FeTSPc Absorbance Difference between 0 ppm and 200 ppm Glyphosate

The 683.5 nm wavelength described above was used to attempt a calibration curve for
FeTSPc and glyphosate. The conditions, concentrations, and analysis method were repeated
identically to the DBA calibration curve in Figure 28 with raw data captured in Appendix D. No
appreciable absorbance values are noted at or below the 100 ppm concentration level. Further,
the line of best fit for the data is represented in Figure 36 with a much lower R2 value of 0.9132.
There are many possible explanations for the data’s lack of continuity. One explanation
is that the interaction between FeTSPc and glyphosate is simply not consistent with the
interaction observed with FeTSPc and DBA. Another is that the FeTSPc concentration was not
high enough to solicit a strong response to the glyphosate. A larger concentration of FeTSPc
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would also have raised the range of the absorbance spectrum being evaluated and may have
increased the precision of the analysis. Results may also have been improved by further
investigation into the most favorable conditions for FeTSPc detection of glyphosate. A time and
temperature of 40 minutes and 30 °C were deliberately chosen for DBA after data collection at
different temperatures over time. It is possible that these are not the best suited conditions when
replacing DBA with glyphosate. Exploration of an alternate pH buffer systems may be useful as
phosphate and glyphosate may conflict due to their similarities.

0.4
0.35

Absorbance

0.3
0.25
0.2

y = 0.0867ln(x) - 0.2356
R² = 0.9132

0.15
0.1
0.05
0
0

200

400

600

800

1000

Glyphosate (ppm)

Figure 36. Calibration Curve of FeTSPc and Glyphosate
CHAPTER 4. CONCLUSION
An interaction exists between DBA and FeTSPc that can be observed using absorption
spectroscopy. The disappearance of FeTSPc’s only peak at 632 nm and the development of a
new peak near 667 nm shows an observable interaction. This interaction is relatively slow taking
place over the course of minutes to hours and is greatly affected by temperature. When taking
place at a controlled temperature of 30 °C, a region exists where the absorbance does not vary
significantly between 30 and 50 minutes that could be suitable for consistent DBA detection and
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quantification in the ppm range. A similar analytical method could be established without
heating to 30 °C however, the technique would require more time for analysis. Either process
requires that the sample be prepared in non-acidic conditions or adequately buffered to neutral or
basic conditions.
Draw backs to the analysis include a detection limit of approximately 55 ppm which is
much higher than typical MCL’s. The method developed in this work does not have the
sensitivity required to verify these limits but does offer an easy inexpensive method that could be
implemented as a screening test. Conversely, the method has high concentration limitations.
When concentrations of DBA increase above 800 ppm the calibration curve begins leveling off
towards a horizontal slope. At these levels, DBA concentration cannot be well assessed limiting
the quantitative usefulness of this method to 50 – 800 ppm. Qualitatively the analysis still serves
to identify the presence of DBA.
Specificity is another factor as the FeTSPc complex is not solely responsive to DBA in
the visible region at 667 nm. A response at this wavelength could be generated by an acidic
medium, oxidation, reduction, or the presence of non-analyte substances. Because of this, some
information about the sample being tested must be known or obtained prior to analysis or an
appropriate purification step added between sampling and analyzing to ensure the signal being
monitored is only being produced by DBA.
Analysis of glyphosate using an identical process of 30 °C for 40 minutes prior to
absorbance measurement had similar results. The new peak formation occurred and was
analyzed at 683 nm. A calibration curve was constructed that followed a natural log plot but the
fit of the data was not as tight with an R2 value of 0.91. The response was also not noticeable
until reaching a glyphosate concentration of 200 ppm. Only one set of data was analyzed and no
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standard deviation existed to perform a detection limit calculation. Comparison to the standard
deviation previously used to calculate the DBA detection limit, a roughly estimated glyphosate
detection limit would be in the neighborhood of 228 ppm.
In additional to analytical methods, this study also showed that FeTSPc, as a negatively
charged ion, can be attached to anion exchange resin. Initial tests have shown that FeTSPc
treated resin has an increased ability to remove DBA compared to the anion exchange resin when
used as received. Anion exchange resin can be treated with FeTSPc quickly and easily at very
low additional cost. The FeTSPc treated resin has the potential of ionic remediation of pesticides
from water which has applicability to public water systems and environmental runoff.
There is potential for a similar process to be applied to iron(II) tetrasulfophthalocyanine
in the removal of glyphosate, an active ingredient in the pesticide Roundup. Removal of such
pesticides from river water, run off, and waste water sites could potentially be performed in this
way. Research continues into the possible applications of FeTSPc and other Pc’s in the
environmental realm of pesticides.
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APPENDICES
Appendix A: FeTSPc Molar Absorptivity Data
Sample
number
0
1
2
3
4
5
6
7
8
9

%
stock
100
90
80
70
60
50
40
30
20
10

Concentration
Peak
(M)
Absorbance
7.17E-05
1.648
6.45E-05
1.518
5.74E-05
1.385
5.02E-05
1.247
4.30E-05
1.079
3.59E-05
0.912
2.87E-05
0.722
2.15E-05
0.534
1.43E-05
0.354
7.17E-06
0.173
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Appendix B: FeTSPc and DBA calibration data
DBA
ppm
30
50
100
200
400
800

Absorbance @ 667 nm
Sample Sample Sample
Average
1
2
3
0.310
0.310
0.311
0.310
0.369
0.328
0.333
0.343
0.466
0.423
0.379
0.423
0.576
0.491
0.493
0.520
0.679
0.581
0.586
0.615
0.748
0.649
0.648
0.682
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STD
DEV
0.000577
0.022368
0.043501
0.048508
0.055194
0.057449

Appendix C: DBA Removal Experiments using Anion Exchange Resin and FeTSPc Prepared
Resin

DBA
(ppm)

0
120
230.4
332
425.4
511.4
590.5
663.2
730.2

Change in Absorbance using anion
resin
anion
anion
anion
resin trial resin trial resin trial
1
2
3
0
0
0
-0.003
0
0
-0.002
-0.003
-0.003
0.012
0.003
0.005
0.032
0.034
0.036
0.053
0.054
0.06
0.066
0.072
0.077
0.078
0.073
0.078
0.083
0.074
0.08
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Change in Absorbance using
FeTSPc resin
FeTSPc
FeTSPc
FeTSPc
resin trial resin trial resin trial
1
2
3
0
0
0
-0.004
-0.002
-0.002
-0.004
-0.006
-0.008
-0.004
-0.006
-0.009
0
-0.002
-0.005
0.005
0.016
0.012
0.008
0.029
0.029
0.011
0.034
0.033
0.013
0.041
0.039

Appendix D: Glyphosate Raw Data
Glyphosate Absorbance
(ppm)
(683.5 nm)
0
0.143
30
0.151
50
0.144
100
0.145
200
0.240
400
0.309
800
0.322
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